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(19). availibility o4 different antibodies, sensitive 404-O44. ^ e•9M*.eand
specific RIAs for these sycotoxins were developed.) A direct competitive ELISA for

-*04- h a detection limit of z5-1pr ie, was developed. However, because of
interferring substances in the sample matrix, the minimal detection levels for DAS
"4amhat and corn by MIA and [LISA are found to be 25 and 50 ppb, respectively.
.Iv)-n -indirect ELESAwith detection limit* of 25 pg /assay'or analssis of
saxitoxin (8T1) mat developedk The detection limit for analysis of MTZ in mussels
and clans by this method was #und to be around 50-100 ppb without sample treatment.
laxituuin antibody raised after\immunizing rabbits with UTI-HCHO-IIA showed high
specificity to iTX. Cross-react tn of this antibody with decarbamoyl-STI (56%) and
nee-STX (112) wae observed. (vi) The ability of to produce T-2 toxin and DAS by 11
fusaria us studied by RIA. Among 13 F. sporotrichioides tested, all but one were,
found t be T-2 toxin rand DSA producers. The amount of toxin(s) produced by each
species varied considerably with species and incubation temperatures. Three F.

22aeia rue and 2 F. chlaeydosporus cultures did not'produce any T-2 toxin and DAl.
(vii) aietted efforts for production of monoclonal antibodies for 2TX and T-2 toxin
were made@ but no stable clones were obtained.ýI`1-4* The metabolism ofL T-2 toxin
in vitro was found to be affected by esterase inhibitors greatly Thus, an
efficient method for the preparation of large quantities of-$'1)H-T2 toxin,
3-OH-IIT-2, 3-0O1-acetyl-T-2 and 3*-OH-T-2 troil was developed. This method involves
the incubation of T-2 toxin with swine liver (phenobarbital induced) S-9 preparation
a the prrieonce of NADP+ regeneration system and an esterase inhibitor. UX, a

ioutine production of antibodies against T-2 toxin and DAS continued with the new
T-2 toxin and DAB derivatives. Some iemunochemical reagents were made and delivered
to the USAHRIIDA
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FOREWARD

The following is the thiro annual report of the work performed
under contract No. DAND17-92-C-2021, during the period of Aug. 1, 1993
to Aug. 31, 1985. The work was carried out at the Food Research
Institute of the University of Wisconsin-Nadison, under the direction of
the principal investigator, Dr. F. S. Chu and co-principal investigator,
Dr. E. J. Schantz. The contract officer is Dr. Robert W. Waumemacher,
Jr.

In conductinq the research described in thts report, the
investigator(s) adhered to the *"uide for the Care and Use of Laboratory
Animals,' prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Animal Resources, National
Research Council (OHEb Publication No. (NIH) 78-23, Revised 1978).
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ABSTRACT

The proqress during the third and 4th years of our contract (Aug.
1, 1963 to Aug. 31, 1985) are summarized is followsia () Nethods for the
production of antibodies in rabbits against diacetoxyscirpenol (DAS),
deoxyverrucarol (DOVE), acctyl-deoxynivalenol (Ac-DON) and T-2 toxin
metabolites including 3'-OH-T-2, H-T-2, T-2 tetraol tetra-acetate were
developed. These antibodies were highly specific to the respective
trichothecenes or their metabolites that have been used in the
conjugation. (ii) A number of tritiated trichothecene mycotoxins of
high specific radioactivity were prenAred in our laboratory. These
labelled toxins have been used as marker ligands for RIA of these
mycotoxins as well as for metabolic studies. (iii) A new improved
method for the production of antibodies against T-2 toxin and DAS in
rabbits was developed. More stable protein conjugates of carboxymethyl
derivatives (CHO) of these toxins were used in the immunization. (iv)
With the availibility of different antibodies, sensitive (0.1-0.5
ng/assay) and specific RIAs for these mycotoxins were developed. A
direct competitive ELISA for DAB with a detection limit of 25 pq per
assay was developed. However, because of interferring substances in the
sample matrix, the minimal detection levels for DAB in wheat and corn by
RIA and ELISA are found to be 25 and 50 ppb, respectively. yv) An
indirect ELISA with detection limits of 25 pq'/assay for analysis of
saxitoxin (STX) was developed. The detection limit for analysis of BTI
in mussels and class by this method was found to be around 50-100 ppb
without sample treatment. Saxitoxin antibody raised after immunizing
rabbits with STX-HCHO-DBA showed high specificity to STE.
Cross-reaction of this antibody with 4ecarbamoyl-STX (56%) and noo-STI
(16%) was observed. (vi) The ability of to produce T-2 toxin and DAB by
18 fusaria was studied by RIA. Among 13 F. sporotrichioides tested, all
but one werf found to be T-2 toxin or/and DAB producers. !he amount of
toxin(s) produced by each species varied considerably with species and
incubation temperatures. Three F. graminearum and 2 F. chlamydosporum
cultures did not produce any T-2 toxin and DAS. (vii) Limited efforts
for production of monoclonal antibodies for STX and T-2 toxin were made;
but no stable clones were obtained. (viii) The metabolism of T-2 toxin
in vitro was found to be affected by esterase inhibitors greatly. Thus,
an efficient method for the preparation of large quantities of 3'-OH-T2
toxin, 3'-OH-HT-2, 3'-OH-acetyl-T-2 and 3'-OH-T-2 trial was developed.
This method involves the incubation of T-2 toxin with swine liver
(phenobarbital induced) 9-9 preparation in the presence of NADP +
reqeneration system and an esterase inhibitor. (ix) Routine production
of antibodies against T-2 toxin and DAB continued with the neo T-2 toxin
and DAB derivatives. Some immunochemical reagents were made and
delivered to the USAHRIID.
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I. INTRODUCTION

Since the last annual report, our efforts have been focused on the
development of methods for the production of antibodies against several
important trichothecenes. Efforts for the production of antibody
against metabolites of T-2 toxin and diacetoxyscirpenol (ODS) have also
been made. In addition, we have developed a now method to prepare stable
T-2 and OAS-protein conjugates. Using different approaches, we have
t-ccessfully produced useful antibodies with different specifi:ities,
against T-2 toxin, HT-2, 3-OH-T-2, T-2 tetraol tetra-acetate, DAB,
deoxyverrucarol (DOVE), and acety-deoxynivalenol (DON) and saxitoxin.
Properties of such antibodies were investigated in detail. We have also
developed an efficient method for the production of 3'-hydroxyi
derivativcs of T-2 and T-2 toxin metabolites, at well as effective
methods for the preparation of various radioactive trichothecenes. With
the availability of such antibodies, studies to optimize different
immunoassays, including both radioieeunoassay (RIA) and enzyme-linked
immunosorbent assay* (ELISA) of such toxins in different matriccs have
also been carried. Studies for the application of such methods
including those such as the use of RIA for &onitoring of T-2 and DAB
produced by selected Fusaria sid the use of antibodies for
imaunohistochemical stain of DAB in tissues were performed. In this
report, the essence of such studies are presented.

It. WORK PERFORMED AFTER LAST ANNUAL REPORT

I. STUDIES ON T-2 TOXINs

(A) Production of antibodies against T-2 toxins

(1) Long term immunization of rabbits with T-2 hemisuccinate
(MV)-9SA and T-hemiglutarate (Ng)-BBAi Routine production of antibodies
against T-2 toxin continued. Seven rabbits continued to be boosted with
either T-2-HS-DBSA (4 rabbits) or T-2-HR-DS4 (3 rabbits) conjugates every
5 weeks. The maximal antibody titers for these rabbits after each
boosting were around 8,000-14,000. For DAS, six rabbits were boosted
on a monthly basis. The titers were in the range 100-2,200.

(2) Production and characterization of antibodies after immunizing
rabbits with CHO-T-2-DSA conjuqatesi A new, improved approach for the
production of antibodies against T-2 toxin was developed. The method
involves the use of immunogens which wert prepared by conjugating
0-carboxylmethoxyl oxime (CMO) derivatives of T-2 toxin to bovine serum
albusin (BSA). Two isomery (isomer 4a" and Ob*) of CHO-T-2 toxin were
tested. Antibodies against both isomers were demonstratsd as early as 4
weeks after immunization. Conjugate of 0a' isomer of CMO-T-2-B9A was
found to be a better immunogen than the b isomer and highest titers
(,,000) were reached 14 weeks after immunization and one booster
injection Antibody titers for rabbits immunized with the 'b isomer of
CMO-T-2 toxin naver reached more than 2,000. The specificity of
antibodies obtained from rabbits after immunizing with CMO-T-2-BSA was
similar to that of hemiouccinate-T-2-BSA. The anti-b-T-2 antibodies had
slightly higher cross-reactivity with HT-2 toxin as compared with the
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antibody obtained from rabbits immunized with the conjuqate of the "a"
isompr. The relative cross-reactivity of anti'a'CHO-T-2 antibody with
T-2, acetyl.T-2, HT-2, T-2-triol, 3'-OH-T-2 and T-2 tetraol were found
to be 1, 4.5, 5.7, 250, 500 and 3000, respectively. The relative
cross-reactivity of anti-b-T-2 antibody with T-2, acmtyl-T-2, HT-2 and
T-2 triol were found to be 1, 2, 3 and 486, respectively. The affinities
of anti-OaO-CRO-T-2 toxin asd anti-'b'-CMO-T-2 toxin, with T-2 toxin
were found to be 5.07 X 10 and 7.67 X 10 9 , respectively. Details
for this study as well as a discussion on the role of side chains groups
for eliciting antibodies against group-A types of trichothecenes are
presented in a manuscript (publication no. lI-i).

(3) Studies on 3'-OH and related T-2 toxins:

(1) In vitro preparation of different 3'-OH derivatives of T-2
toxins A new approach for the production of large quantities of
3'-OH-1-2 toxin was developed in our laboratory. Our approach included
incubation of T-2 toxin with 9-9 fraction.isolated from livers of rats
and pigs which had been treated with phenobarbital, toqether with NADP +
regenerating system and dfethyl-p-nitrophenol (DENP), an esterase
inhibitur. T-2 toxin aetabolites were isolated from the incubation
mixture by an Amberlite XAD-2 column and TLC. We found that, DENP was
capable of blocking the hydrolytic pathway completely at a concentration
of 10 41. Instead of converting of T-2 toxin to HT-2 toxin, the
metabolism shitted to the hydroxylation route. As high as 83% of the
T-2 toxin was converted to 3'-OH-T-2 toxin. Using the same approach,
3'-OH-HT-2 and 3'-OH-acetyl-T-2 toxin w*r@ prepared. The conversion
yield o4 T-2 toxin, acetyl T-2 totin, HT-2 toxin and 7-2 triol to their
respective 3'-hydroxyl derivatives were 02%, 73%, 72% and 75%,
respectively. Therefore, this approach can be used for, the preparation
of large quantities of the tydroxyl derivatives of T-2 and related
toxins. The chenical structures of these compounds were confirmed by 118
and NMR. Since 3'OH-T-2 toxin is as toxic as T-2 toxin, present results
implicate that the toxicity of T-2 toxin could be altered when **teraso
blockers are present. Details of this study are presented in a
manuscript published in AZM (publication No. 1-9).

(2) Binding of 3'-OH T-2 toxin with anti-T-2 HS antibody, With the

availability of pure 3'-OH T-2 toxin, the cross-reactivity of T-2-HS
antisera with this new metabolite was determined. The cross-reactivity
of T-2 antisera with this metabolite was 200 times less than T-2 toxin.

(3) Production and characterization of antibody against 3*-OH-T-2
toxins Since antibody raised against T-2 toxin cross-reacted poorly

with 3'-0H-T-2 toxin, a new immunogen was prepared by conjuqat~on of
hemisuccinate (HS) of 3'-OH-T-2 toxin to bovine serum albutin (BSA).
Antibodies aqainft 3'-OH-T-2 toxin were demonstrated by a
radioimmuoassay 10 weeks after immunizing rabbits with this new
immunoqen usinq tritiated 3-OH-T-2 toxin as the test liqand. Hiqhest
titers (6,000) were obtained 17 weeks after immunization and two booster
injections. The antibodies showed good cross-reactivity with T-2 toxin,
acetyl-T-2 toxin, 3'-OH-acetyl-T-2 toxin. The relative cross-reactivity
of this antibody with 3'-OH-T-2, acetyl-1-2, T-2, 3'-OH-acetyl-T-2.
3--O-T-2 HS, T-2 isomer, HT-2, and 3'-OH-HT-2 were found to be 1, 3, 4,



5, 15. 30, 45 and 175, respectively. No cross-reaction was found when
3'-OH-T-2 trial, T-2-trioa, T-2-tetraol, AmS and DON at a concentration
of I ug per assay "as tested. The detection limit for 3'-OH-T-2 toxin
by the RIA was found to be around 0.1 ng per assay. Details of this
study are presented ini a manuscript (publication no. 11-2).

(C) Production and characterization of antibodies against T-2 toxin
metabolites other than 3'-OH-T-2 toxins

(1) Production and characterization of antibody against HT-2.
Conjugation of HT-2 to BSA was achieved by coupling b isomer of CHO-HT-2
to the protein in the presence of a water soluble carbodiioide. Three
rabbits of each group were immunized with the immunogen. Antibodies
against HT-2 toxin were demonstrated in the rabbits as early as 4 weeks
after immunization and the titers are continuing to increase after
booster injection as determined by the binding of tritiated IT-2 toxin.
The specificity of anti-CNO-HT-2 antibody was determined by a
coppotitive RIA using tritiated HT-2 as the marker ligand. The results
thou that the antibody is specific for HT-2, but also has good
cross-reaction with T-2 toxin. The concentrations causing 50%
inhibition of binding of tritiated HT-2 to this antibody by unlabeled
HT-2, T-2, T-2 isomer, acetyl-T-2, 3'-OH-HT-2, 3'-OH-T-2, and T-2 trial
were found to be 0.62, 2.5, 6.2, 18.6, 248, 420, and 530 ng per assay,
respectively. Thus, the anti-HT-2 toxin antibodies showed good
cross-reaction with T-2 toxin, but with less cross-reactivity with T-2
trial, T-2 tetraol and 3'-OH-T-2 toxin. Using tritiated HT-2 as the
test ligand, the detection limit for HT-2 assays by RIA was.found to be
around 0.2 ng per assay. An indirect ELISA which has a detection limit
of 5 pg per assay was also established for the 14T-2 toxin.

(2) Production of antibodies against T-2 tetraol and T-2 tetraol
tetra-acetates Tritiated T-2 tetraol was prepared from T-2 toxin
after hydrolysis with base and was subsequently purified by preparative
TiC according to Nei, at. &l. (Deochem. Biophys. Res. Comm. 451 396,,
1971). CMO-T-2 tetraol was prepared from CMO-T-2 (both "al and b'
isomers) the same way. CHO-T-2 tetraol tetra-acetate of both isomers
were prepared by acetylation of the CHO-T-2 tetraol isomers. The
"bd-CHO-T-2 tetraol and both *a' and Ib" isomers of CHO-T-2 tetraol
tetra-acetate were conjugated to BSA for subsequente immunization (12,
21 and 19 moles/mole of BSA for 'a*-CMO-T2-401, 'aI-CRO-T-2-TA and
*b'-CMO-T-2-TA, respectively.

Amonq these three immunogens tested, "bm-CMO-T-2-TA was found to be
the best immunogen. Antibody titers against T-2 tetraol have not been
demonstrated in rabbits which had been immunized with T-2 tetraol-SSA
20 weeks after initial immunization and 3 booster injections. Antibody
titers for "b'-CMO-T-2-TA were low and only 100 after 12 weeks and 2
booster injections. However, rabbits immunized with Obs-CHO-T-2
-tetra-acetate-BSA conjugates showed good antibody titers (titirs around
2500, 11 weeks after immunization ind I booster injections).
Experiments designed to characterize this new antibody as well as to use
this antibody for analysis of T.2 tetraol are underway.

ft
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It. STUDIES ON DIACETOXYSCIRPENOL (DAB)s

(A) Production and characterization of antibodies aq&instRDSAkbt
immunizing rabbits with HO-DAS-DBSA conjugates

We have previously reported (second annual report) that antibody
against DAS was obtained from rabbits after immunIzing with DAB-HS-ISA.
Efforts to characterize the antibody were made in the past year. In a
competative RIA, unlabeled DAB, deoxynivaltnol (DON), deoxyverrucarol
(DOVE), T-2 toxin, 4-monoacetylscirpenol (4-HAS), 15-MAS and scirpenol
triol were tested for their ability to displace the radioactive DAB fro&
the antiserum. All these compounds did not show appreciable
cross-reaction with tne antiaerum except 4-NAB which was capable of
displacing the binding of 3H-DAS with the antiserum. However, 4-HAS was
about O0 times less effective than non-radioactive DAB. Details of this
study are presented in publication no. 1-5).

(O) Preparation and characterization of antibody against DAS by
immunizing with "b*-CMO-DAS-BBA conjugates

Antibodies against 'UCNO-DAS was prepared using the the same
approach as those for T-2 toxin. However, these antibodies showed a
high deor@e of crosn-reactivity with monoacetoxyscirpenols. The
relative cross-reactivity of the antisera for DAB, 4-MAS, 15-HAS,
acetyl-DON, T-2 toxin, acetyl-T-2 toxin and neosolaniol were found to be
1, 4, 5, 76, 107, 147, and 266, resoectively. The af .nity constants of
anti-'OP-DAS to DAB, 4-HAS and 15 HAS were founi to be 4.89. 1.09, 0.97
x 10 liters/mole, respectively. On the other hand, the affinity
constants ?f anti-DAS-HB eith OAS, 4-HAS and 15-HAS were found to be
4.23 x 10 , 1.15 X 10 and 1.44 X 10 6 liters/mole, respectively.
Because of their cross-reactivity, unlike the anti-HO-DAS-BSA
antibodies, the anti-Obl-CMO-DAS antibodies could be u.ad for
imnunoassays of NAB. Details of this study are presented in publication
no. lI-t,

(C) Development of immundaisay forD AS,

With the availability of a specific antiserum against DAS, we also
tested a direct ELISA for DAB. The diluted antiserum was coated to the
plate by the glutaraldehyde method. Both ýB$-heoiglutoarats
(49)-horseradish-psroxidase (HRP) and DAS-hemisuccinate (HS)-HRP
conjugates were tested for their ability to bind with the antiserum.
DAS-HS-HRP, which was found more effective than that DAS-HS-HRP
preparation, was used in the subsequent studies. The ..sults obtained
from competitive ELISA studies were found to be similar to those
obtained from RIA. The EL!SA permits detection as low as 25 pg of DAB
in each assay (I ng/ml and 25 ul used in each assay).

Protocols for boteb RIA and ELISA for DAB in corn and wheat were
developed. The detection limits for DAS in corn were found to be 25 and
50 ppb'by RIA and ELISA, respectively. We found that considerable
interfering substances were removed after SepPak treatment. The recovery
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of DAB added to the wheat and corn samples between 5-100 ppb by ELIBA
were found to be between 60-90Z.

(D) Preparation of DAS oetaboliteso

Efforts for the production of large quantities of DAB metabolites
continued. In an in vitro study, 9-9 fractions of monkey liver were
incubated with DAB in the presence or absence of a NADPH regeneration
system. We found that the major metabolite was iS-NAB. 4-NAB was also
detected.

Il1. PRODUCTION OF T-2 TOXIN AND DAB BY DIFFERENT FUSARIA A$ ANALYZED
BY RIAt

(A) Effect of temperature on the production of T-2 toxin and DABs

Production of T-2 toxin and DAB by two Fusarius sporotrichioides
species (one previosuly identified as F. tricinctum) at four different
temperatures (7, 15 C, 24 and 29C) in a glucose-soya meal-corn steep
liquor medium absorbed in vermiculite was studied. After incubation for
appropriate time, the toxins were extracted from the culture with
methanol, subjected to a Sep-Pak cartridge treatment, and then were
analyzed by RIA. Fusarium tricinctum was found to be primarily a T-2
toxin producer as little or no DAB was iound in the culture medium. Un'
the contrary, F._s orotrichioides produce both toxinsl the amount of DAB
was three times higher than T-2 toxin. Higher temperature (28C) was more
favorable for DAB production whereas in con*rast, a higher yield of T-2
toxin was obtained at lower temperature (1SC). Maximum toxin yield was
obtained 20-30 days after incubation at both temperatures. At 28 C,
large amounts of DAB (600-700 mg/liter) were produced by F.
sporotrichioides in each culture whereas less than 200 eg of T-2 was
obtained after 25 days of incubation. At 15 C, the DAS and T-2 produced
by this fungi were found to be around 210 mg and 234 me per liter,
respectively. For F. tricinctun, between 740-900 ag and 630-740 ag of
T-2 toxin per liter were produced after 20-30 days of incubation at 15 C
and 24 C, respectively. Less than 11 mg/liter of DAS was produced by F.
tricinctue under these conditions. Our results are consistent with
earlier data which was obtained by SLC analysis. In addition, oir
results also show the potential health hazard of some Fusaria species
that produce more than one type of toxic trichothecenes under field
conditions.

(B) Studies on the production of T-2 toxin and DAB by different
strain% of Fusaria:

The production of T-2 toxin and DAB by 19 Fusaria in above mediua
at 15C and 24C over a period of 35 days was studied. The cultures were
supplied by Dr. Nelson of University of Penn. Among 13 strains of F.
"sorqotrichioldes tested, 4 were found to be high T-2 toxin producers
(greater than 700 eq of T-2/liter at 1C and 200 ag/L OAS at 24C), 2
were high DAB producers (700-900 mq/L DAB at 24CI 200 eg/L T-2 at 1IC);
3 strains produced both toxins in good yield (300-600 eg of both toxin
at 24 or ISC), 3 were identified as low toxin producers (less than 300
mg/liter) and one did not produce T-2 toxin and OAS. T-2 toxin and DAB
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ware not detected in the sodium inoculated with 3 strains of F-.
traminearus and two F. chlasydosporuo.

IV. PRODUCTION OF ANTIBODIEB ABAINST VERRUCARRIN A AND DEOXYVERRUCAROLI

(A) Production and characterization of antibody against
dfox.!errucarol (DOVE):

The antibody againot DOVE was produced by limunizing rabbits with
DOVE-RS-BSA conjugate. The antibodies bound with either tritiated DOVE
or diacetoxyscirpenol (DAB), but not with tritiated T-? toxin. The
affinity of antibodies with DOVE was found to be such higher than DAB.
When H-DOVE was used as a marking ligand in the competitive RIA, the
concentrations causing 50% inhibition of binding radioactivities by the
unlabeled DOVE, verrucarol, verrucarin A, and 4-MAS were found to be
0.32, 1070, 9500 and 10,000 ng per assay, respectively. T-2 toxin,
15-MAS, and deoxynivalenol gyve less than 20% inhibition at 10 ug per
assay tested. However, when H-DAB was used a the marking ligand, the
concentrations causing 50% inhibition by DOVE, DAB and verrucarol were
found to be in the 50-60 ng per assay range. The antibodies thus are
highly specific to DOVE rather than a common trichothecene backbone. The
possible use of this antiserum for ussay of macrocylic trichothecenes
is discussed. Details of this study are presented in publication no.
1-6.

(B) Production of antibody against verrucarin A:

An attempt for the production of antibody against verrucarin A
was made during the last few months. Verrucarin A was conjugated to BSA
after converting to its hemisuccinate. A tritiated verrucarin A was
prepared by reduction of 2-dehyroverrucarin A with tritiated NaIH4
However, no antibody titer was demonstrated 12 weeks after Immunizatton.
We plan to synthesize a hosiglutarate verrucarin A and then conjugate to
protein for immunization.

V. STUDIES ON DEOXYNIVALENOL (DON):

(A) Preparation of different DON derivativeso

Since our last annual report, several new DON derivatives,
including HS and HS of DON, 15-aldehyde DON and H1 of 7,8
dihydorxyc'alonectrin (DHC), were prepared. DON-3-HS and DON-3-HO were
prepared according to the following three steps: (a) first to prepare a
benzylidene(DZ)-DON in which the hydroxyl groups at 7 and 15 positions
were protected; (b) the BZ-DON was then reacted with succinic or
qlutaric anhydridel and (c) finally the benzylidene groups were removed
from the 7 and 15 positions. The yield of recovery during these steps
were low, and only 33-50% of DON-3-H9 and DON-3-HS were obtained from
the Bz-DON. iS-aldehyde-DON wasprepared by mild oxidation and
characterized by mass spectral analyses (C.I. and E. 1.).

(B) Peparation of hijhly •pecific radioactive tritiated DON and
acstyl -DON:



A radioactive DON was prepared by oxidatien of the €N ON at the 1s
position to 15 aldehyde-DON and then reduction back to the CH2OH again
with highly specific tritiated Na3N4 sop. activity 79.1 Cl/meml) under
very mild conditions (9M of tritium to DON and 21 sf tritium to
I-OH-DON). Tritiated acetyl-DON was prepared by acetylatios of H-DON
with acetic acid anhydride in the presence of pyridine and then purified
by TLC.

1C) Conjugation of DON-3-HtO DON-3-146 and 15-aldehyde-DON to MA and
subsequent iamunizations

A mixed anhydride method was used for the conjuqation of DON-3-HI
or DOO-3o-O to bovine serum albumin (11A) and 23 moles of 0O-lNB and 13
moles of DON-NO were conjugated to one sole of 11A. 15-aldehyda-DON was
conjugated to 11A for immunization by redvctive alklyatiee reaction.
Two groups of robbits were immunized with either NSA-DON-Nl (& rabbits)
or 8SA-DON-NI 43 rabbits). However, none a+ the rabbits were shown to
have high antibody titers against DON when the highly specific
radioactive D¶N was used as the ligand (loss than Sol of binding of
6,000 dpO of H-DON with 0.1 @l of antiserum) in thoeradieieeuboassay
30 weeks afer immunization, with S booster Injections. Rabbits
immunized with IS-aldehydo-DON-NIA for more than .5 weeks with 3 booster
injectiors also did not show any antibody aqainst DON.

'0) Production and characterization of antibody against actyl-OON!s

Antibodies against deoxynivalenol triacetate (Acetyl-MO or Ac-DON)
were prepared by immunization of rabbits with the heoisucciato
derivative of 7.1 dihydroxycalonectrin (DHC) conjugated to bovine serus
albumin. Using tritiated Ac-DON as the testin4 ligand, antibody titers
were demonstrated as early as 4 weeks after immunization. Useful
antibody for radioimounoassay of Ac-DON was obtained free the rabbits 7
weeks after immunization, with one booster injection. Competitive RIA
revealed that the antibody was most specific to Ac-DON. The rdlative
cross-reactivity of this antibody with Ac-DON, T-2 toxin tetra-acetate,
15 acetyl-DON and scetyl-T-2 toxin was found to be I (most), 0.003, 002,
and 0.001, respectively. Practically no cross-reaction was found with
DON, diacetoxyscirpmnol, nivalenol and T-2 toxin. The detection limits
for Ac-DON by RIA was around 0.1 ng/assay. The use of this antibody for
quantitation and confirmation of DON in cereals is presently under
study.

Vt. STUDIES ON SAXITOX!N (STE),

(A) Characterization of antibodyagainet saaitoxin (5T11 and
development of an indirect ELISA for 5Th#

In the last annual report, we described a procedure to produce
antibody against STI. The antibody against STE was further
characterized by a competitive indirect ELISA. The results showed that
reduced STX and tetradotozin did not cross-react with the antibody.

oNo-STX reacted with tho' antibody but was 100 times less effective as
compared with STI. Investigation also led to the application of the

Ii ELISA technique to the analysis of STE in clam and mussel. Preliminary

B• • ,m !d r
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results showed that *metla extracts gave considerable interference in
the assay at a concentration above 10 e of "saplo per assay. The assay
syste appeared to tolerate about 30 q of ciao extracts in tach
sanlysis. Because sore then 902 of ITE is bound to the dark gland which
is relatively easy to separate from whole seat, we have tested the
effict of the dark gland matrix of eussel extracts eo the ELLIS of STE.
The degree of interference caused by the dark gland matrix *as found to
be similar to the whole meat. This result suqgested that for mussel, one
can use the dark gland lapprouisately 1/10 of weight of whole seat) for
ELlIS of STX. Without any cleanup, we found that the detection limit of
ELISE far STE in mussel (using dark gland) and clao was around 50-100
ppb.

(3) Efforts to improve antibody production and ELISA for 5Ths

(I) leprovement of EL9SA pyotecolss Efforts for improving ELISA
protocols continued, Aeerlite CS-S0 was used to remove the interference
sabstances free the naturally contaminated scallops. Several
ion-exchange filter papers were tested for their effectiveness of
absorption of MTE. After absorption of STI, these filter papers were
subjected to an indirect ELISA. However, we found that the antibodies
and other proteins also non-specifically absorbed on thefilter paper. A
high background color was observed. Other appriches such as the use of a
Sep-Pak treatment were also unsuccessful.

(2) Immunization of rabbits with conjugates by conjugating ITE to
S1A via glutareldehyde (OA)8 Conjugation of STE to BSA was made in the

presence of glutaradehyde instead of HCHO. However, the final
preparation became a gel because intermolecular cross-linkinq of MSA
occurred during the coupling reaction. This preparation was used in the
imeunization. Low antibody titers (100) were demonstrated in an
indirect [LISA (plate coated with STI-GA-ISA) 4 weeks after initial
injection and one boosterinjection.

(3) Attempts to produce a monoconal antibody against ST1# A total
Of 47 mice were.immunized with either ITI-HCHO-DSA or
STE-ICHO-henocyanin by intraderoal, subcutaneous, and intrasplanic
routes. Although east mice show antibody titers by an indirect ELISA

-screen test, only two mice produced antibody which was displaceable by
free STI at a concentration of 250 ng/well after 3 booster injections
over a period of two months.

VII. IMNUNOHIOTOCHEMICAL STUDIES ON DAis

A group of mice fed DAS at a dose of 10 mg/kg. The mice were
sacrificed at different times after dosing. Different organs were
collected and examined for pathological lesions as well an for
immunohistocheoical btains according to the procedures described
previously (Publication 1-1). Preliminary data showed that no
significant lesions were found in the organs of the mice fed at this
dosage. We will continue to evaluate the data for this study.
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VIII. NEUTRALIZATION OF T-2 TOMIN TOXICITY WITH ANTI-T-2-ANTIODY i

Passive ooanization of CF-I mice with rabbit anti-T-2 antiserum:
was carried out. In a prelimarily eaperiment, the levels of circulating
antibody and its persistence after passive immunizaticn with 0.5 al of
anti-T-2 antiserum (titer 5,000) without challenge with T-2 toxin was
detersined. Me found that antibody titer was detected at 3 hrs
pest-iWjection with the antiserum. Levels remained constant froe,24-96
hrs at a titer (RIA) approximately 10% of that injected. Detectable
levels of antibody persisted through 144 hours post-injection. However,
when challenged with T-2 toxin, no significanct difference between the
passive immunizod mice and the control mice on the course of T-2
toxicosis, as determined by the LD 50 , circulating leukocytes, and
serum alkaline phosphatase, was observed. Using 3 11T-2 toxin, we also
did not find any significant difference-on the distribution and
clearance of T-2 toxin in the passive immunization group. Because only a
small a&out of antiserum was used in tne present study, the results
Indicate that a large amount of high titer antiserum may be necessary
for the protection.

III. DISCUSSION

During the last two contract years, rapid progress in the area of
immunoassays for trichothecene mycotoxins were made in our laboratory.
A number of antibodies against trichothecene mycotoxins were produced in
our laboratory during the last few years. *he properties of these
antibodies were studied in detail. Antibody against sees trichothecene
metabolites were also eade available. The cross-reactivities of several
importint trichothecene antibodies with different trichothecenes are
summarized in Tables I and 11. It is apparent that each antibody has
its own specificity. Efforts to produce a generic antibody attempting
to detect all types of trichothecenes were unsuccessful. However, as
more data are accumulated, we found that the side chain of trichothecene
groups played an important role in eliciting antibody against this group
of mycotoxins. Therefore, it is possible to produce antibodies against
several types of mycotoxims within the trichothecene group through
modification of the side chains. In this regard, we have made antibody
aqaint acetyl-DON and T-2 tetraol tetra-acetate. *These antibodies will
be useful'for detection of DON as well as T-2 tetraol.

With the avialability of antibodies, studies to optimize the
conditions for RIA and ELISA of different toxins in different sample
matrices should be continued. Because our e0forts were focused on the
development of different antibodies, only limited experiments were
carried out for improving the RIA and ELISA in the present contract
period. More efforts will be focused in this direction in the coming
year. To improve ELISA, we plan to test different enzyme preparations
and also to use different methods for conjugation of the toxins to the
enzymes. We also plan to spend more efforts on STI research in the
coming year.

Studies on the use of RIA to monitor the production of T-2 and DAB
by different Fusaria species further proved the advantages of RIA over



12

other analytical methods. Our results also indicated that the ability
of to produce tonins varied considerably with the species tested, at
well as topoeraturits and substrates used. This ieforoation sill be
extremely useful for our understanding of the etiology of toxin
production. Itudius on the oedificatieon of T-2 metabelism by *sterage
inhibitors not only led to a neo approach for the production of sae
Walur -2 metabolites but also rve:led the possibile lepact ef
enviorneental agents so the T-2 touicity.

IV. ELIVIRAILIS

The ieeunocheoical reagents prepared and delivered to the USANNRAI
since begaining of this contract are suourized in Table 111.
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TOILE I RELATIVE CROM3-REACTIVITY OF ANTTI3OIIEO AGJ1 IT
T-2 TOXIN NITH DIFFERENT T-2 TOXIN ANAIiLOC.

ueuOO.UOuOSO~aegOOOeeeB~OuUeeumaeeee ~ nw omm .

RELATIVE CROSS-REACTIVITY
TO XIN iA ALOGO ..... . ..... . ... . . .............. .... .. ...

IN a-CNO b-CNO 3'-ON-Nt CNO-NT- 2

Ac-T-2 1 4 3 3 30
1-2 1 1 1 4 4
110-T-2 2 - - 30 10
NT-2 6 5 2 45 1
T-2 trlol 44 200 463 )2500 350
T-2 tetreel 1420 2400 - >2500 )1613
3'-ON-Ac-T-2 50 - S 1230
3'-OH-T-2 200 434 1 600
3*-GM-T-2N0 - - -S )1613
3 -0N-0T-2 - - 175 400
KOS 453
DAB. DON >2357 )4300 - 2300 >1613

TABLE 2 RELATIVE CROUI-RSACTIVITY OF ANTIDODIES AGAIN$
DAB AND OTHERS NITN DIFPERENT TRICHOTHICENES

RELATIVE CROI-RIACTIVITY
TRICHOTHICENIS ------.r.-.------------- ..... .... ....-- -

DAI-NO b-CHO-DAI DOVE-NI AC-DCO

Ac-DON - 76 1 I
15-Ac-DON - - 470
Ac-T-2 - 147 - 900
DAB 1 1 31250 >1000
4-HAS 37 4 - -

15-HAB 200 5 - .
DON >1333 )2000 >31250 )1000
DOVE )1333 - 1
NEOI >1333 246 *
"WIV 2520 - - >1000
T-2 )1333 107 >31250 >1000
T-2-4-Ac - - 330
Verrucarul - - 3343 -
Yerrucarin A - - 29617
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TAKLE 3. IMIUNOCKNEICALS DELI VERSE1 KTNEEN
AmG. 14 £913 TO AUS. 31. 1905.-

"EAUENT NAME AMUNT

N-040 1.0 MCI
N-DOVE 1.0 MCI
H-VERRUCARIU A 2.0 MCi'

NT-2 10.0 me
3*-OH-T-2 10.0 me
3'-OWf-HT-2 1.0 me

DAS-HI-0SA 41.5 me

DOVE-HI-USA 10.0 me

Six-USA 22.5 MG

T2-Hl-ISA 30.3 MI
T-2 HI-ISA 5.0 Mo
T-2-MI-POLYLYSIWE 25.0 MI
T-2-HS-PEROIIDASE 4.0 me

OAS ANTIBODY 41.0 ML
DCVf ANTIBODY 13.0 ML
T-2 ANTIBODY 42.0 ML
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